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INTRODUCTION 


In response to numerous inquiries regarding tests and analyses of minerals 
aid related inorganic materials, Bureau of Mines Information Circular 6999, 
‘leboratories That Make Fire Assays, Analyses, and Tests on Ores, Minerals, 
Astals and Other Inorganic Substances, by C. W. Davis'and M. W. von Bernewitz, 
waS published in 1938 and revised in 1939 (I. C. 6999R).° In this paper on 
analytical and testing laboratories, the original text has been rewritten and 
“xpanded, and a table has been added, in which are-listed laboratories prepared 
‘o offer a number of special testing services in addition to ordinary assays 
2nd chemical analyses.. The arrangement of laboratories on a geographical basis 
4s been maintained. a . | 


This circular is compiled as a ‘public service, and. rione of the laboratories 
-isted herein me commended over any other. 


-/ Librarian, Bureau of Wines) College Park, Md. 
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FEDERAL AND STATE AGENCIES 


Many mineral samples are sent to government agencies in the National 
Capital with the request that they be assayed or chemically analyzed. It 
should be emphasized that there is no place in Washington D. C. where assays 


and guantitative analyses are mide for the public by the Federal Government. 


Virtually all of the States maintain a bureau of mines, a geological 
survey, or some similar organization, frequently at the State University, where 
minerals found by residents of the State will be identified free of charge. 
Usually, a charge is made for assays. Specific tests, as on clays, are made 
by some of these offices. 


The Federal Bureau of Mines, although it attempts to avoid duplication of 
services rendered by State Bureaus, is always glad to give advice as to pros- 
pective markets. It does not compete with private assayers and chemists, but 
with respect to samples sent to its field laborntories, it does offer to identi! 
them as far as this can be done by inspection and simple optical and chemicel 
tests. This examination is usually sufficient to indicate whether the materia. 
has commercial value, or at least if the expense of an assay would be warrante 
Except in connection with its own technical investigations, no assays or other 
special tests are made by the Bureau of Mines. 


The Federal Geological Survey and the National Museum also mke simple 
tests of specimens as a public service. Neither of these bureaus nor the 
Bureau of Mines, however, can afford to render such services on long suites of 
specimens submitted by mineral dealers, well drillers, or others, when such 
work can be done regularly by commercial concerns. 


The National Bureau of Standards likewise does not make assays or analyse 
for the general public. Its Miscellaneous Publication M187, “Directory of 
Commercial Testing and College Research Laboratories" (1947, 30 cents), gives 
a detailed list of the testing firms and college research laboratories through 
out the United States. Under the Geographical Listing of Colleges will be 
found each special laboratory and the name of the man in charge, and for this 
reason few college laboratories are given in the Bureau of Mines list. 


3] Present address: Geological Survey, U.S. Dept. of the Interior, 


Washington, D. C. 
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Assays nd analyses of ores for gold, silver, copper, lead, and zinc are 
made by the Bureau of the Mint at the United States Assay Office, Seattle, 
Wash. Gold and silver bullion and jewelry free from platinun-group metals 
are assayed by the Bureau of the Mint at the assay offices in Seattle, Wash., 
New York, N. ¥., Philadelphia, Pa., San Francisco, Calif., and Denver, Colo. 
Assays of platinum, palladium, and iridium metals, except in samples of ores, 
slags, or mattes, may be made at the Assay Office at New York when authorized 
by the Director of the Mint. A charge is made for each metal determined. 


Territories 


An act of the Territorial Legislature of Alaska, dated March 12, 1937 tee 
provides funds for three assay offices. They are currently located at College, 
near Fairbanks, at Ketchikan, and at Anchorage and operate wnder the Office of 
the Commissioner of Mines. Assays end analyses are made without charge to 
Alaskan prospectors and to mining companies engaged in mine development. _Oper- 
ating compenies are charged for work done at commercial rates. | 


FOREIGN AGENCIES. 


The Department of Mines and Resources, Ottawa, Canada, identifics Canadian 
ninerals free-of charge and makes certain assays and analyses for a fee. The 


lsboratories of the Provincial Sore ees also are available for these services. | 


The waavess of the Government ‘laboratory in Mexico is Unidad Experimental 
de Tecamacholco de la Comision de Fomento Minero Loma “a8 Chapultepec, Apartado 
Postal 10505, Mexico, De. F. . 


In addition to free iacntde entice, this laboratory makes fire assays for 
gold, silver, platinum, tin, and lead, and performs quanitative analyses of 
minerals, ores, ceramic ‘products (clays , feldspar, refractories, bauxite, sand, 
abrasives, pigments), metals, and fluxes. A laboratory is maintained for ore- 
dressing and metallurgical tests, and a service is provided for weighing, samp- 
ling, and umpire analysis of ore shipments for export and import. Prices 
Charged for these services are very low in order to encourage development of 
the mineral industry. | 


PROCEDURE FOR OBTAINING SAMPLES 


The economic exploitation of a mineral deposit follows a more or less. set 
sequence of steps. Invariably the first step is identification to determine _ 
Whether the ore to be mined or the mineral to be sold is actually what it is | 
thought to be. An identification is a qualitative examination designed to es 
bh informtion as ‘to what a substance may be rather. than how mich of it may, 
€ Present. 


~ 


If. the identification shows the material to be one of possible. mecca 


Value, the next step is to take & sample, representative of the exposed face 


~ 


or outerop , for assay or quantitative chemical analysis. Preliminary considera- 
‘ion also should be given to certain economical aspects. For example, no min- 
tral deposit, irrespective of its size and grade, is of immediate value if it 
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is so inaccessible hee the product cannot be mined, vrocessed, transported, 
and sold ata profit. on a competitive market. © 


7 Dieeti one for ‘obtaining a sample are well-described i an instruction 
sheet issued by the Department of Mines, Quebec, Canada, as follows: "Sampling 
should always be made on a fresh surface’. There are two wavs of proceeding, of 

which the second is the more reliable. 


"Pirst method: With e hanmcr , knock off chips of approximately equal 

_ Size at regular intervals over the whole width of the mineral occurrence. 
"Second method: Draw two parallel lines three inches apart, marking the 
width to be sampled,-and with a cqld chisel, or a moil of tempered steel, cut 
out a groove half an inch or so in depth, for the whole length between the two 
lines; the material thus chiselled out will constitute the sample. It is very 
important to carefully collect the whole of the detached material, both chips 
and dust, on a sheet of canvas, strong cotton, or cloth. A sample thus: obtaine 
will be fairly representative of the mineralization at the place where’ it wes 
taken, In order to make an estimate of the value of a mineral deposit, it will 
be necessary to repeat the sampling process at regular intervals, say every 
twenty. feet, and at-the same time taking note of the location and of the length 
of the grooves thus made. Bag and nunber each sample separately." 


If the analyses of samples taken’ in this manner show promise, the succeed- 
ing steps in the procedure are (1) a thorough sampling of the deposit to deter- 
mine grade and tonnage available, .(2) beneficiation or smelting tests, (3) 4 
marketing survey, and (4) consideration of such engineering factors as mining 
methods, design of concentration or treatment plant, water and power supply, 
and ee of costs. : 


These ese tiens are usually difficult and expensive and should be carried 
out under the guidance of trained engineers. The development of a prospect 
from the original discovery to oa producing mine is a major undertaking that re- 
quires considerable capital and experience. | 


Advice as to how to proceed with a project may: “be obtained from a number « 
sources. Advice of a general sort, requiring no field work or laboratory test: 
ing can be obtained from the Bureau of Mines. For projects where a paid, pro- 
fessional consultant is needed, names and addresses may be found in the adver- 
tising sections of appropriate trade journals. The Directory of Members of th 
American Institute of Mining and Metallurgical Engineers, 29 West 39th Street, 
New York 18, N. Y., lists tho names and addresses of mining engineers and 
metaéllureists available for consulting work. For names of consultants special 
izing in metallurgical end chemical problems, a useful source ts the classifie 
directory of the Association of Consulting Chemists and Chemical Engineers, 50 
East 41st Street, New York, N. Y. Another useful directory is the volume 
entitled "Industrial Research Laboratories of the United States", published by 
the National Research Council, 2101 Constitution Avenue, Washington, D.C. 
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DESCRIPTION OF TESTING TECHNIQUES 


Various testing techniques are made available by commercial laboratories, 
the choice of which depends on the problem to be solved. The respective 
vechniques are described below for the benefit of those who may not be familiar 

Ith this information. : | : ; 


Chemical Analysis 


A chemical analysis is used for the bulk of laboratory testing to determine 
how mich of. a: particular element is present in a sample. A chemical analysis 
My also be merely qualitative, but the older qualitative tests, including blow- 
pipe analysis, are rapidly being replaced by spectrographic and spectroscopic 
examinations. The value of a quantitative analyses dcpends on how representative 
the ‘sample is of the total bulk of material to be tested. . For example, no ore 
or mneral deposit is uniform throughout. Consequently, analysis of a semple 
consistingg of a specimen or a few randomly chosen pieces of rock is useless in 
attemting to evaluate the deposit from which they are taken. This information 
can be obtained only by prescribed.scientific methods of sampling. 


- ‘Ptre Assaying 


This process consists of fusing the sample with lead oxide and a reducing 
agent in a crucible., The precious metals, gold, silver and platinum, are 
collected Im the lead. The mass of lead is then removed by oxidation and absorp- 
tion in bone ash, leaving a bead of: precious metal to be weighed. Fire assaying 
is the common method of mking determinations for the three metals mentioned. 
It cn also be used for lead and tin, although wet methods are now supplanting 


fire assaying for these two metals..-. 


Spe ctrographic Anslys is 


This comparatively new technique consists of the vaporization and excitation 
aS = sample by means of an electric spark or arc and recording. and analyz- 
; are ight given off by the various elements in the sample with special 
re ae Called a spectrograph. It is an excellent technique for ascertaining 
a trees ee eLon of a sample and can be used for quantitative work, particularly 

Ces of elements. = j : i, 


ue Mierescopic Examinations 


aad miner distinct applications of the microscope are in use in the mining 
Tonteg 7 TSical field. The sulfides and other opaque minerals are generally 
Yheel, ang — Plastic medium such as bakelite or lucite, polished on a revolving 
Usue bo ©Xamined with a metallographic microscope. In this way it is 
es of tp ble to determine the minerals that compose the sample, whether the 
Ch gr various minerals are large or small, well-separated or intergrow, 
“entrar op, inding will be necessary to liberate the masses for subsequent con- 
2 &nd other questions regarding the physical state of the sample. 


~ 5 - 


Google 


The transparent minerals are examined either in’ thin sections or as | 
crushed grains on a glass slide, with index media ; by the. petrographic micro- 
scope. The opticel properties of these minerals are thereby determined ‘and 
used for their identification and evaluation. 


Metals and alloys are mounted similarly to the opaque minerals and are 
examined by the metallographic microscope to determine the size and shape of 
the grains, the identity of the alloys formed, the effect of heat treatment 
upon the physical structure. of the metals, and the nature and location of 
inclusions. a . 


The electron microscope is an electronic apparatus in which a. specially | 
prepared, extremely thin sample is exposed to an electron beam, which is then 
mde to form a greatly enlarged image of the sample on a photographic film or 
fluorescent screen. The tcclmique is capable of showing the size and shape of 
particles transparent to an electron beam far smaller than those visible in 
ordinary-light microscopes. 


X-Ray Diffraction Analysis 


This involves various techniques in which solid or powdered samples ere 
exposed to an X-ray beam and the rays that are diffracted Prom the crystals 
within the sample are recorded and measured. By these means it is possible to 
identify the minerals and to distinguish between those having the same chemical 
composition but different ‘crystal structure. It is also possible to estimate 
the average size of particles in a very finely divided powder in the range 
below that handled by microscopes. 


. Ore. BenePiciation 


Many deposits nowadays cannot be mined and sold without some concentration 
or cleaning up to remove impurities. | There. are concerns having the neccssary 
mechanical equipment and experience that, make small-scale tests on lots of ore 
weighing from about 50 pounds to a ton or so. ‘From results of such tests » the 
most suitable method of treatment can be determined, and an estimate can be 
made of such factors as degree of beneficiation ond costs of operation. Anothe 
use of small-scale tests is to produce ame of the finished product to submit 
as trial samples to possible-consumers+-- ---- 


| Physical Testing 


The physical properties be minerals and mineral products are iapettant in 
determining their value to industry. Color » plasti city, refractoriness, meltin 
point, density, . ‘porosity, hardness, and other physical properties are determine 
by specific tests, which are numerous end specialized, depending on the use for 
which the product is intended . ' 


PRICES AND FEES 


In order that those interested may know the approximate cost of various 
analyses, representative price ranges are listed. Service charges are similar 
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throusA out the country for ‘the type of work for which the procedure has become 
routine, Charges for special problems or work requiring research or preliminary 


* 20), © @ @ @ 


‘E™he trade generally recognizes three qualities of work. The first, and 
lowest —priced, analysis is designated by such terms as routine, engineer's, 
survely > preliminary, etc. A higher-priced, more careful, analysis is called 
Contre> “1, and the third and,most expensive is called umpire. Unfortunately, 
there <-is no way of setting up standards of quality-on the ‘basis of accuracy, 
becau == © some elements, such as iron or copper, can be determined in the usuel 
soml<= S with little effort to a high degree of accuracy, whereas others, such 
8s texa-telum, beryllium, or lithium, require time-consuming procedures and great 

Skill 5 in spite of which accuracy of results is only fair. 


e an Prices listed here were in effect during 1948; they are for single 
~ “8. Large discounts from these prices are usually granted if many samples 


of t 
ha Same type are submitted at one time. 


Fire assay: 


Gold: snceidiviarives S007 tos 3500 
Silver asscccaccsees, S07o 20'S 1425 
Gold and silver .... $1.50 to $ 4.00 
PISTINUM: <sc0ces oss SLO: S69: 5.00 
Platinum group ..-.. $5.00 to $50.00 


by Higher prices are charged for the assay of the richer samples, such as 
Wir -._—saomn,, Swecpings, jewelry, etc. 


, tin 72 Sommon elements in ores and the standard alloys iron, copper, lead, 
ceed » Silica, alumina, antimony, arsenic i sulfur, chromium, manganese, 
8 


phose———horus , Calcium, magnesium, etc....$1 to 


: ely riced group, soda, potash, cobalt, nickel, bismth, cadmium, uraniun, 
4 um, titanium, etc....$4 to $10. 


Hi 
stot —Priced group, beryllium, boron, cerium, fluorine, columbium, tantalun, 
et » SClenium, thallium, gallium, germanium, indium, thorium, lithiun, 
©. cee + HG to $50, 


th Cont 
© Snel oo 2nd umpire analyses, two to three times the price of routine 


Lime stone enalysis eeerervreereeesveeseeeaeeeneveeee od $22 .50 and Uupe 
Ph $ 7 and up. 


2S hate rock eeeeeveeeev ee eeaeeeoevaeaeveeveeveere82028020068 


aya whate rock 

Spee and feldspar analysis pe sieeeeewiebesswee SoD to $30 
Sos analysis eeeceereerersreecereeeeeeeeseseeeeeree $16 to $40 
saa _snalysis ereeeeeeeeeseorseseseeeseererseseses $25 and up. 


Strographic analysis (complete qualitative) $ 7 to $15 


X-Ray diffraction eeererereeeeeeeereeeeeresveoer? $10 to $25 
316] 
a 7 -~ 
EE ee 


Petrographic épsiinetion re ee ee Le. to $15 idx’ _ per hour. 
Metallographic GXAmMNAatiON seeecervesesces $15 and up or $3.50 to $ 


per hour. 


Flotation tests seccyderetscetecevescaces $25 and up’ or $15 to $20 
She per day per man. 
Table tests. ere eee eee eee eee ee ee $20 to $hO © 
Sercen. 1 analysis. eCrewovrcccveccsccsceccces $35 and UPe - 
ee. tests « weevevsocerececercncereperece $20 and Up. 
Physica]. tests (cement, concrete, metals) $1 to $5 per test. 


Weighing and sampling ee ee $25 to $35: ‘per day. 
Court pepresente tion raed seceeecesecenees $25 per day and up.’ 


The following list of de pevatortes is seed by routes and type of 
services rendered and is. indexed by States within these regions. | 
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